A study of the oxidation of glutamic acid by Pasteurella tularen8si (Bacterium tularense) was undertaken as part of a general program of study of the metabolic behavior of this organism. Glutamic acid was chosen for study because it is rapidly oxidized by resting cells of the organism, while only slight oxidation of all other amino acids occurs.
No information has been published about specific metabolic pathways in this organism. However, a number of reports have appeared concerning the dissimilation of glutamic acid by other organism. Adler et al. (1938) found that cell-free extracts of Escherichia coli exhibited glutamic acid dehydrogenase activity, which was triphosphopyridine nucleotide (TPN) linked. The system was reversible; the active lysate could either dissimilate glutamic acid to a-ketoglutarate and ammonia, with reduction of TPN, or synthesize the amino acid from these products, with oxidation of TPNH.
Several studies have been made of the fate of glutamic acid in resting cell suspensions of bacteria. Klein (1940) , using Hemophilus parainfluensae, and Tonhazy and Pelezar (1953) , using Neiseia gonorrhoeae, found that glutamic acid was oxidized to acetic acid, whereas Gerhardt et al. (1950) and Marr et al. (1953) showed that suspensions of BruceUa abortus disimilated glutamic acid to pyruvate, alanine, CO2, and NH,. In these cases only partial oxidation of the carbon chain was achieved. On the other hand, Jebb and Tomlinson (1951) found that cell suspensions of Hemophilu8 pertu8sis oxidized glutamic acid completely to CO and H20, provided aimilation of the amino acid was inhibited by 2,4-dinitrophenol. In all these studies the citric acid cycle was implicated as the probable path of oxidation.
In the present investigation the oxidation of glutamic acid by whole cell suspensions and lysates of P. tularen8is was studied. The conclusion was reached that P. tularensis oxidizes glutamic acid to C02, NH,, and water, via aketoglutarate and probably via the citric acid cycle.
MATERIALS AND METHODS
The organism used was a fully virulent strain of Pasteurella tularensis strain SMRB-9 (University of Kansas). Cells were grown in the liquid medium of MilLs et al. (1949) in Fernbach flasks at 37 C with shaking. A 5 per cent inoculum of a liquid culture in the logarithmic phase was used. Cultures inoculated and grown in this way showed a one hour lag period, a logarithmic period lasting about 6 hours, and a stationary phase which began after 8 to 10 hours of growth.
For all manometric experiments, except where indicated, the celLs were harvested by centrifuging, washed once in 0.45 per cent NaCl, resuspended in 0.1 M potassium phosphate buffer, pH 5.8, and aerated for 30 minutes at 37 C. The cells were then rewashed and resuspended in 0.45 per cent saline and used immediately. For most experiments the cell suspensions were adjusted to contain 4-6 mg dry weight per ml; one ml of such a suspension oxidized 10Am of glutamic acid in 3-4 hours.
Cell-free lysates were prepared by sonic disintegration of cells which had been washed twice in 0.45 per cent saline and suspended in 0.1 m potassium phosphate buffer, pH. 7.0, to a volume X{ that of the medium in which they were grown. Disintegration was in a Raytheon sonic oscillator at 9 kc per sec and 160-175 plate volts for 45 minutes. The lysates were centrifuged 20 minutes at 3,550 XG, and the supernatant used. These extracts contained 2.8-3.6 mg N per ml.
Standard manometric procedures (Umbreit et al., 1949) were used in all gas exchange experiments, which were routinely carried out at 37 C with air as the gas phase. CO2 production was determined by the "direct method". Keto acids were determined by the method of Friedemann and Haugen (1943) , and chromatography of 2,4-dinitrophenylhydrazones of keto acids was carried out as described by Cavallini et al. (1949a,b figure  1 ), and proceeded until the substrate had completely disappeared. At the point on the curve where the rate of oxygen uptake had decreased, no glutamate was present, as measured by the decarboxylae method in a paired flask; tipping additional glutamate caused iediate resumption of rapid oxygen uptake (arrow 1, curve A, figure 1). Added inorganic phosphate was required for the oxidation since little oxygen uptake was observed in the absence of phosphate. Rapid uptake began when phosphate was tipped in (arrow 2, curve B, figure 1). After the oxygen uptake curve had reached a plateau, the addition of further amounts of phosphate (arrow 3, curve B, figure 1) had no effect, as would be expected if at pH 6.0, the oxygen uptake in 30 minutes varied from 83 pL with no added phosphate to 190 pL with 0.01 M phosphate and 350 ,uL with 0.1 m phosphate. At the end of the 30 minute period the contents of the flask were pH 6.4, 6.1, and 6.1, respectively. Since these pH values are all within the optimum pH range, as discussed in the next paragraph, it seems likely that the effect of inorganic phosphate was not solely due to its buffering action.
The pH optimum for oxidation of glutamic acid by cell suspensions extended over a wide range (pH 5.0 to 6.5), but a sharp drop in the rate of oxygen uptake occurred between pH 6.5 and 6.9 (table 1). Due to the production of Neish (1952) and Kennedy and Barker (1951) , and for amino acids by the method of Feldman and Gunsalus (1950 The oxidation of glutamic acid by P. tularensis is similar to that by H. pertuesis (Jebb and Tomlinson, 1951), but differs from that of H. parainfluensae (Klein, 1940) , N. gonorrhoeae (Tonhazy and Pelezar, 1953) , and B. abortus (Marr et al., 1953) , in that no acidic end products could be demonstrated.
SUMMARY
Glutamic acid is rapidly oxidized by resting celLs and sonic lysates of PasteureUa tularenss. The oxidation is dependent on the presence of phosphate, and in lysates on the addition of cofactors, of which diphosphopyridine nucleotide is one of the most important. The oxidation by resting cell suspensions has an optimum pH range of 5.5-6.5.
Glutamic acid is oxidized anaerobically, in the presence of triphenyltetrazolium chloride, to a-ketoglutaric acid, which was isolated and identified as the 2,4-dinitrophenylhydrazone.
